Substantial increases of linkage disequilibrium (LD) both in magnitude and in range have been observed in recently admixed populations such as African-American (AfA). On the other hand, it has also been shown that LD in AfAs was very similar to that of African. In this study, we attempted to resolve these contradicting observations by conducting a systematic examination of the LD structure in AfAs by genotyping a sample of AfA individuals at 24,341 single nucleotide polymorphisms (SNPs) spanning almost the entire chromosome 21, with an average density of 1.5 kb/SNP. The overall LD in AfAs is similar to that in African populations and much less than that in European populations. Even when the ancestry-informative markers (AIMs) were used, extended LD in AfA was found to be limited to certain magnitude range (0.2 r 2 0.8) and certain distance range, that is, between-marker distance more than 200 kb. Furthermore, the inclusion of AfA individuals with predominant African ancestry was found to reduce the overall magnitude of LD. Elevation of LD in the AfA population, compared with its parental populations, can only be observed at the markers with large allele frequency differences between 2 parental populations at limited scenario. AfA individuals of wholly African ancestry contribute little to the extended LD in the AfA population, and further genotyping or association analysis conducted using only admixed individuals may lead to higher statistical power and possibly reduced cost.
Introduction
Mapping by admixture linkage disequilibrium (MALD) has received much attention recently (McKeigue 2005; Smith and O'Brien 2005) . The initial attraction of MALD was its use of significantly extended LD in admixed populations, which requires far fewer markers for mapping disease genes. Previous studies predicted that MALD typically requires only 2,000-3,000 ancestry-informative markers (AIMs) for a genome-wide search (McKeigue 1998; Johnson et al. 2001) . Of course, the utility of MALD depends upon how far linkage disequilibrium (LD) actually extends over a chromosomal interval which, in turn, dictates the spacing and exact number of markers required for a genome-wide scan.
Substantial increases of LD not only in magnitude but also in range have been observed in recently admixed populations such as African-American (AfA) and MexicanAmerican (McKeigue et al. 2000; Pfaff et al. 2001; CollinsSchramm et al. 2003; Salari et al. 2005; Smith and O'Brien 2005; Zhu et al. 2005) . Stephens et al. (1994) showed by simulation that admixture linkage disequilibrium (ALD) up to 10 cM could exist even after 9 generations in AfAs. Parra et al. (1998) reported strong LD between the FY-null and AT3 loci that are 22 cM apart on chromosome 1q22. Examples of substantially extended LD in AfA populations were discovered in several regions and chromosomes primarily using short tandem repeat markers (Lautenberger et al. 2000; Rybicki et al. 2002; CollinsSchramm et al. 2003) . Patterson et al. (2004) showed that strong admixture LD, on average, extends to 17 cM in AfA.
In contrast, Gabriel et al. (2002) pointed out that LD in AfA and Africans were very similar. In addition, a number of recent studies on LD using single nucleotide polymorphisms (SNPs) have treated the AfA population as representative of African populations (Ke et al. 2004; De La Vega et al. 2005; Hinds et al. 2005; Takeuchi et al. 2005; Huang et al. 2006 ). The contradicting observations may have arisen from selection of the markers based on their allele frequency difference between the parental populations, as shown theoretically (Chakraborty and Weiss 1988) . Alternatively, this conflicting viewpoint might be due to a unique genetic structure of admixed populations. In this study, we conducted a systematic dissection of the LD structure of AfA by genotyping a sample of 48 AfA individuals at 24,341 SNPs spanning almost the entire chromosome 21 with a density of 1.5 kb/SNP. We revealed that elevation of LD in AfA is dictated by the specific choice of markers and the inclusion of specific individuals. Our results implicated that both allele frequency and admixture of individuals contribute to LD architecture of AfA.
Materials and Methods

Populations and Samples
DNA from 48 AfAs (37 females and 11 males) was obtained from Coriell Cell Repositories. We used 60 CEU (European American samples, which were collected in 1980 from Utah residents with northern and western European ancestry by the Centre d'Etude du Polymorphisme Humain) parents and 60 YRI (African samples, Yoruba people in Ibadan, Nigeria) parents described in The International HapMap Project (2003) as representative parental populations for ALD studies.
Markers and Their Positions
A set of 29,177 SNPs was genotyped in 48 AfAs. Illumina Beadlab technology was used in genotyping, and the method of genotyping has been previously described elsewhere (Huang et al. 2006) . Genotyped SNPs on chromosome 21 of 60 CEU and 60 YRI samples were obtained from the Web site of the International HapMap Project (HapMap public released #19, 2005-10-24 http://www.hapmap.org). After data filtration (e.g., deleting markers with missing data .5% samples), we obtained 24,341 SNPs that were genotyped successfully in all 3 populations. Those SNPs that showed deviation from HardyWeinberg equilibrium were excluded using Fisher's exact test (P , 0.05), where P was estimated using Arlequin 3.01 (Schneider et al. 2000) with 100,000 permutations.
The physical positions of SNPs were based on the Homo sapiens genome build 36. The total chromosome region studied was 36.87 Mb, from the position 10,047,705 (the first marker rs2989064) to 46,914,854 (the last marker rs8132215). The average spacing between adjacent markers was 1.5 kb with a minimum of 2 bp and a maximum of 3.1 Mb. The genetic map positions of SNPs were based on the Rutgers combined linkage-physical maps (Kong et al. 2004) , which incorporate the latest human genome assembly build 36. We determined the genetic map positions of SNPs in centimorgans using a Web-based linkage-mapping server (http://actin.ucd.ie/cgi-bin/rs2cm.cgi), which carried out a smoothing calculation to estimate genetic map positions including those markers, which have not been mapped directly. The total recombination distance is 68.17 cM (from 0 to 68.17 cM), the average intermarker distance is 0.003 cM, and the maximum is 0.38 cM.
Measures of LD
Several statistics have been used to measure the LD between a pair of loci (Jorde 1995) . The 2 most common measures are the absolute value of D# (denoted by |D#| hereafter), and r 2 , both derived from Lewontin's D (Lewontin 1964) . It was shown that in indirect association studies, the sample size must be increased by roughly 1/r 2 when compared with the sample size for detecting association with the susceptibility locus itself (Kruglyak 1999; Pritchard and Przeworski 2001) . The r 2 has a relatively clear interpretation in terms of the power to detect an association, and intermediate values of r 2 are also easily interpretable (Kruglyak 1999; Ardlie et al. 2002) . It is therefore more sensible to use r 2 to study LD. In addition, r 2 also shows much less inflation in small samples than does |D#| (Ardlie et al. 2002; Weiss and Clark 2002) .
In this study, we used r 2 to measure LD between 2 SNPs. Consider 2 loci, A and B, each locus having 2 alleles (denoted A 1 , A 2 ; B 1 , B 2 , respectively). (Shriver et al. 1997) , defined as the sum of the absolute value of differences in all n allelic frequencies between 2 parental populations divided by 2. For biallelic SNPs, n 5 2:
where p i1 and p i2 are the frequencies of allele i in population 1 and population 2, respectively. Another measure, f (McKeigue 1998), originally defined by Wahlund (1928) , is the standardized variance of allele frequencies and ranges from 0 (noninformative) to 1 (completely informative). The f value was calculated by the following formula,
In this study, both d and f of each marker were calculated using the allele frequencies of CEU and YRI samples described above.
Ancestry-Informative Markers
SNPs that have large allele frequency difference between CEU and YRI were selected as AIMs according to f value (McKeigue 1998). The SNPs in this study cover a 36.87-Mb (68.17 cM) segment of chromosome 21, which can be divided into 2 regions based on marker information. In the first region that encompasses the majority of the chromosome (35.21 Mb or 63.73 cM), we selected markers with f ! 0.40 from 24,341 SNPs and obtained 338 AIMs. This criterion was determined based on the analyses described in the Results of this paper. However, in the second region containing 1.66 Mb (4.44 cM), the f values of all 1,092 SNPs are below 0.35 and therefore do not meet the aforementioned criterion (f ! 0.40). To include this region in further analysis, we selected 6 additional SNPs with d . 0.48 (minimum f 5 0.26). The final length of the chromosomal region that was covered by AIMs was 33.42 Mb (67.80 cM).
All together, we obtained a panel of 344 SNPs that are informative for ancestry, with mean f 5 0.49 and mean d 5 0.68. The average spacing between adjacent markers was 97.5 kb (0.19 cM), with a minimum of 69 bp (0.0 cM) and a maximum of 2.45 Mb (4.74 cM). The median distance between adjacent markers was 7.4 kb (0.01 cM).
The allele frequency distributions of 344 AIMs in 3 populations are in figure 1. Note that most alleles of AfA have moderate frequencies, whereas their corresponding allele frequencies in CEU and YRI are relatively extreme. The marker information of these 344 AIMs, measured by the standard variance (f), is shown in figure 2.
Haplotype Inference
The LD analyses in this study were based on haplotypes generated from data using PHASE 2.1 software (Stephens et al. 2001; Stephens and Donnelly 2003 ; http:// www.stat.washington.edu/stephens/software.html). PHASE implements a Bayesian statistical method for reconstructing haplotypes from population genotype data, which has been shown to be superior to the expectation-maximization algorithm for haplotype reconstruction at the individual level (Stephens et al. 2001) . PHASE was run with recombination model, 10,000 iterations, 100 thinning interval, and 10,000 burn-ins. The other parameters were set as the defaults.
Overall, 24,341 SNPs were broken up to sections of 40 SNPs with 20 overlapping SNPs between each 2 consecutive sections. Haplotypes were inferred by PHASE from each such section independently. Finally, the 2 haplotypes of each individual were reconstructed by combining all haplotypes section by section according to the inferred haplotypes of the 20 overlapping sites between consecutive sections. When the overlapping SNPs were inconsistent, we arbitrarily kept the results of the former section. On average, 0.75% of overlapping SNPs showed inconsistent phasing.
The individual haplotypes for the panel of 344 AIMs that were informative for ancestry were reinferred, independent of the results of 24,341 SNPs.
STRUCTURE Analysis
The program STRUCTURE (Pritchard et al. 2000 ; http://pritch.bsd.uchicago.edu/software/structure2_beta.html) implements a model-based clustering method for inferring population structure using genotype data. In Version 2, the program implemented a model that allows for ''ALD.'' In Caucasian populations, the extent of LD is generally limited to regions smaller than 100 kb (Bodmer 1986; Laan and Paabo 1997; Huttley et al. 1999; Reich et al. 2001; Gabriel et al. 2002) , which would be still shorter in Africans; therefore, the correlations that arise between linked markers in AfAs are modeled as the result of admixture or hybridization (Falush et al. 2003) . Because the program was not designed to model the LD that occurs between nearby markers (so-called ''background LD'') within populations (i.e., the model is best suited to data on markers that are linked but not so tightly linked), we screened the markers from the inferred haplotype data to examine for ancestral population structure. Haplotypes of 344 AIMs were inferred using the program PHASE as described above.
For STRUCTURE analysis, marker panels were selected from 344 AIMs that showed adequate genetic distances (.1 cM) between adjacent SNPs. Overall 6 panels of AIMs, all together 145 SNPs were selected for STRUC-TURE analysis following the aforementioned criteria (between-marker distance [BMD] . 1 cM, see supplementary table S5 [Supplementary Material online] ). Note that the AIMs are not evenly distributed on the chromosome as depicted in figure 2. There were 10 ''AIM deserts'' with intermarker distance over 2 cM (in order from the start, 2. 54, 2.63, 4.22, 2.04, 4.74, 2.17, 4.18, 3.50, 3.98, and 3.95 cM) . In all 6 panels, average f and d were .0.45 and .0.66, respectively, and for all 145 SNPs, average f 5 0.47 and d 5 0.67.
The haplotype data inferred by PHASE based on the 6 panels of AIMs were subject to STRUCTURE analysis. We used a linkage model option and assumed that allele frequencies are correlated. We used distances between the markers determined by both genomic sequence and recombinationbased data (Rutgers combined linkage-physical maps, Kong et al. 2004 ) as map distances. The program was run with 100,000 iterations, 50,000 burn-ins, and 1,000 admixture burn-ins.
Results
Overall LD in AfA and Its Parental Populations
The extent of LD was examined across Chromosome 21 in AfA, CEU, and YRI for all alleles (minor allele . Proportions of marker pairs with LD at different levels of r 2 (,0.1, !0.1, !0.2, !1/3, !0.5, and !0.8) were plotted against BMD. Interestingly, the admixed population AfA did not show stronger LD than CEU and YRI. In fact, for both groups of SNPs, CEU showed stronger and more extended LD at each level of r 2 . For example, when r 2 ! 0.8, for common alleles and BMD 200 kb, the proportion of marker pairs in CEU were 1.97-to 6.49-fold of AfA marker pairs and 1.72-to 5.69-fold of YRI marker pairs, respectively. Furthermore, the extent of LD in marker pairs of AfA is very similar to that of YRI, except that the proportion of marker pairs with the higher level LD (r 2 ! 1/3) in YRI is somewhat larger than that in AfA for common alleles, as shown in figure 3b and supplementary table S4 (Supplementary Material online) . The aforementioned comparison is only meaningful if there is a correlation of the magnitude of LDs across all 3 populations at each genomic segment of the entire chromosome 21. Such a correlation is indeed supported by a plot of the average value of LD between the SNP and its nearby markers within a 50-kb window (supplementary fig. S1 , Supplementary Material online). We observed a strong positional correlation of the magnitude of LDs among all 3 populations not only for the 50-kb window but also for other window sizes up to 1,000 kb (data not shown).
LD and Allele Frequency Difference between Parental Populations
Previous studies reported that extended LD in AfA was concealed by millions of unselected markers and that increased LD in AfA was correlated with markers' increasing allele frequency differences between the Europeans and Africans (Rybicki et al. 2002;  Collins-Schramm et al. To investigate the extension of LD, we compared the distributions of r 2 of 58,996 marker pairs in 3 populations. The LD in AfA extends much further than those in CEU and YRI especially when 0.1 , r 2 , 0.8 ( fig. 5a ). For example, in AfA, LD extends to 3,000 kb at r 2 ! 0.5, to 4,000 kb at r 2 ! 1/3 (the Ardlie's useful LD, [Ardlie et al. 2002] ), and to 20,000 kb at r 2 ! 0.2. In contrast, LD of Dissecting LD in African-American Genomes 2053 r 2 ! 0.2 extends to no more than 200 kb in both CEU and YRI. Moreover, LD of r 2 ! 0.1 (corresponding to Kruglyak's useful LD, [Kruglyak 1999 ]) can often be observed (0.73% of all marker pairs) at BMD . 20,000 kb in AfA, much more than those observed at the same distance in CEU (0.17%) and YRI (0.16%). In all cases, LD in YRI is the weakest among all 3 populations. Therefore, when AIMs were used, elevated LD in AfA were mostly observed in the range of 0.1 r 2 , 0.8, but at BMD . 200 kb, LD in AfA increased at all levels of r 2 ! 0.1. However, the proportion of marker pairs with LD as high as r 2 ! 0.8 in AfA (,70% on average) is smaller than that in CEU, although the high LD (r 2 ! 0.8) does not extend beyond 200 kb in any of the 3 populations.
Admixture LD and Genetic Structure of AfA
Because admixture LD is limited to recent admixed populations, it must stem from the special genetic structure of these populations. To investigate the relationship between admixture LD and genetic structure of AfA, we inferred ancestral origins of chromosomal segments in AfA (see Materials and Methods for details and supplementary data file, Supplementary Material online). The estimated haplotypes from the 48 AfA individuals were examined together with the estimated haplotype data from the 60 CEU and 60 YRI subjects under the condition of 1, 2, 3, and 4 major populations. STRUCTURE analysis (Falush et al. 2003) showed that a 2-population model best fitted the data (supplementary table S5, Supplementary Material online). Under the assumption that African and European were the only 2 parental populations, the STRUCTURE provided the probability of an allele being derived from either the African cluster or the European cluster and information on the ancestry of the chromosome segments for each individual was then obtained. As expected, the AfA haplotypes showed contributions from both parental populations (supplementary fig. S5, Supplementary Material online) . figure 6 , we examined the pairwise LD (measured by r 2 ) independently in 2 groups separately, using 344 AIMs. This result was compared with that including all 48 AfA individuals (Original AfA sample). The level of LD of 3 groups was compared at different r 2 levels (!0.1, !0.2, !1/3, !0.5, and !0.8) (fig. 5b) . Interestingly, the MA group showed an elevated LD than the AfA group. For example, for r 2 ! 0.8, the proportion of marker pairs with BMD 200 kb (the distance where all 3 groups can be effectively compared) in MA is 1.75-fold (1.14-to 3.25-fold) of that in AfA. For r 2 ! 0.5, the proportion of marker pairs with BMD 300 kb in MA is 3.07-fold (1.06-to 14-fold) of that in AfA. For r 2 ! 1/3, the proportion of marker pairs with BMD 4,000 kb in MA is 2.45-fold (0.81-to 20-fold) of that in AfA.
The sample of 25 individuals with mixed ancestry revealed larger and more extended LD than those of the original AfA group and the PAA group. In contrast, the LD in PAA group was similar to that of YRI and it showed the least extended LD among 3 groups compared (i.e., PAA, AfA, and MA). It is obvious that the observed extended LD in the 48 AfA individuals was mainly contributed by the 25 individuals with mixed ancestry, whereas the 23 PAA individuals contributed little to the extended LD in AfA. To this end, we concluded that individuals with different proportions of African ancestry contributed differently to overall LD of AfA. To further demonstrate such effect and examine its impact on the LD of AfA, we conducted 2 additional experiments. In the first experiment, we began by randomly sampling one individual from the MA group with replacement and introducing the sampled individual to the original AfA sample. This process was repeated 100 times. Then for each of several BMD, we estimated overall average r 2 and plotted it in figure 7. We repeated the same experiment, each time increasing the number of sampled MA individuals by one until 25 samples were reached. In the second experiment, we followed the procedures described above, sampling from the PAA group instead of the MA group until 23 samples were reached ( fig. 7) . The result of these 2 experiments showed that 2 groups of individuals (MA vs. PAA) contribute differently to the extended LD in AfA. In particular, LD decreases when individuals from the PAA group were added to the original AfA group (fig. 7 , the left plot). In contrast, LD increases when individuals from the MA group were added to original AfA group ( fig. 7 , the right plot).
Discussion
In this report, we presented an analysis of LD of 24,341 markers densely distributed across the entire chromosome 21 in a sample of AfAs, European Americans, and Africans. Using all markers, we showed that LD in AfA is indeed similar to that of African and they both are weaker than that in European American. The strength of LD in AfA (measured by r 2 ) depends on allele frequency differences between Europeans and Africans, as measured by f or d. Therefore, an admixed population such as AfA manifests extended LD only when AIMs are used but not when all SNPs are included.
Our results showed that restricting marker screening sets to markers with high African/European f or d levels is important in performing ALD mapping. For SNPs, the allele frequency differences with f ! 0.4 should be used as a criterion for selecting AIMs, which reveals long-range (BMD . 200 kb) LD elevation and extension in AfA. But for shorter range (BMD 200 kb), AIMs do not lead to an elevation of high level LD (r 2 ! 0.8). In fact, the inferred segment size at individual levels is far larger than 200 kb (supplementary fig. S5 and S7 [Supplementary Material online]), and regions of interest showing association signal often span multiple centimorgans as observed by Patterson et al. (2004) . Therefore, admixed populations such as AfA offer limited utility in narrowing the size of candidate regions below 200 kb in MALD.
However, because the LD patterns below 200 kb are similar between AfA and YRI, AfA might be used as a substitute African population for LD mapping in general. When African samples are difficult to obtain for practical reasons, AfA may be more advantageous for narrowing the size of candidate regions below 200 kb for the traits or diseases that are shared between all ethnic groups because the genome of African is more fragmented than the other groups. This is probably also true for the traits and diseases that are more prevalent in Africans.
However, LD with r 2 ! 0.1 (corresponding to Kruglyak's useful LD [Kruglyak 1999 ]) can often be observed (0.73% of all marker pairs) at BMD . 20,000 kb in AfA, which may include the background LD that was generated by remnant artificial association and/or stochastic fluctuation, but not true physical linkage, in AfA populations. It would be very inefficient to use the information provided by such a level of LD, and thus it, too, may not be useful for genome-wide association or for fine-scale LD mapping. In contrast, LD with r 2 ! 0.2 or higher correlates better with distance and decays more quickly, disappearing when BMD . 10,000 kb. It is therefore more efficient to locate regions of interest using LD with no less than r 2 ! 0.2, at least in AfA. Together with the above observations, efficient extended LD in AfAs can be defined as at a level of 0.2 r 2 0.8 and BMD 200 kb. Individuals with ancestry solely from one population show no crossovers between segments of different ancestry and thus contribute no additional power for admixture mapping studies, which use the method of identifying the ancestral origin of chromosomal segments (Patterson et al. 2004 ). Our results indicated that these individuals also contribute little to the extended LD in AfA populations. More interestingly, analysis without these individuals leads to higher and more extended LD in the population. In practice, individuals of single ancestry can be identified easily by typing a small number of AIMs. In fact, our further analysis of the data from Hinds et al. (2005) showed that an AfA individual who is of PAA at one chromosome is more likely to be so across the entire genome. As a possibly novel strategy for MALD, such individuals could be removed from either further genotyping or further association analysis in order to achieve higher statistical power and possibly reduced cost. This strategy, however, still requires careful investigation before implementation in future studies.
The methods of examining allelic association between markers and disease status are not very efficient for MALD (McKeigue 2000; Seldin et al. 2004) . Instead of simply examining allelic association per se, other proposed methods (McKeigue 2000; Seldin et al. 2004 ) have the potential to maximize power by attempting to determine the ancestral identity of each chromosomal region. Unfortunately, both the association-based approach and the segment-based approach depend on the use of AIMs, which are too rare to provide good coverage of the genome. In this study, for instance, 1.29% of all markers had f ! 0.4 and only 0.46% had f ! 0.5. In the latest HapMap data (http://www. hapmap.org, HapMap Public Release #20, 2006-01-24), for all 43,739 SNPs on chromosome 21, there are 1.03% AIMs with f ! 0.4 and 0.38% with f ! 0.5. In addition, we found that AIMs do not evenly distribute in the genome in our data set; some regions lack AIMs, whereas other regions have an excess of AIMs. This phenomenon was confirmed by screening AIMs (f ! 0.4) from the database of the International HapMap project (phase II data, HapMap Public Release #20, 2006-01-24) (supplementary fig. S10 , Supplementary Material online) in which many regions are AIM deserts. The AIMs in this study had an average intermarker distance 0.4 cM or 232 kb, but 5.8% of chromosomal segments still had ambiguous ancestries after combining the results from 6 marker panels. Notably, those ambiguous segments were distributed in the regions with very low AIM density or even no AIMs, and therefore, become the blind spots for mapping. FIG. 7 .-Individuals with different proportions of African ancestry have obvious different effects on LD. The effects were examined by adding 2 groups of individuals gradually to the original AfA sample, and each number of individuals was randomly sampled for 100 times. Such sampling and adding work were done many cycles according to the total number of individuals in each group, r 2 of each marker pair was calculated each time and averaged in the end of each cycle. For the group of individuals with ancestry dominantly from African, 23 cycles were done; for the group of individuals with mixed ancestries, 25 cycles were done. LD consistently decreases while individuals with ancestries dominantly from African were added to original AfA sample (the left plot); In contrast, LD consistently increases while individuals with MA were added to original AfA sample (the right plot).
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Conclusion
Overall LD of the AfA population is similar to that in Africans and even weaker than African population such as YRI for common alleles. In our study, for SNPs with a minor allele frequency higher than 0.15, LD at level of r 2 ! 1/3 in AfA samples is generally weaker than that in African samples (YRI) used in the International HapMap project. The strength of LD in AfA depends on each locus' European/African allele frequency difference, measured by f or d. Therefore, an admixed population such as AfA will manifest extended LD only when AIMs are used. For SNPs, we recommend that the allele frequency differences with f ! 0.4 be used as a criterion for selecting AIMs, which reveal long-range (BMD . 200 kb) LD elevation and extension in AfA. But for shorter range (BMD 200 kb), AIMs do not lead to an elevation of high level LD (r 2 ! 0.8). Therefore, efficiently extended LD in AfAs can be defined as at the level of 0.2 r 2 0.8 and extending more than 200 kb.
AfAs genetically comprise a highly structured population; those individuals of single African ancestry contribute little to the extended LD in AfA populations; and analysis without these individuals leads to higher and more extended LD in the population. As a possibly novel strategy for MALD, such individuals could be removed from either further genotyping or further association analysis in order to achieve higher statistical power with possible reduction in cost.
Supplementary Material
The following additional data are available with the online version of this paper. The additional data file contains further information about the applied methods and the results, including: a procedure for inferring ancestral origins of chromosomal segments in AfA; estimation of individual and population admixture proportions in AfA; estimation of admixture time of AfA; supplementary figures S1-S10; and tables S1-S7 are available at Molecular Biology and Evolution online (http://www.mbe.oxfordjournals.org/).
